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Title of the Invent i',>n 



Aromatic Oligomer and Use Thereof 



Field oT Tochnol • > ^ v 



Thi:; inv'tHiti(;n relat.e; to ar^)mati(;: ^)Iigom(^rs and Lise?s t.lit}reof. The arom^itir 
() 1 i iTc-me r- s: of' this i n ve n i i on a re u s e f u I a s t a k i f i e r s t o p ro v i de adhe s i v e 
properties and incorporated in re:-;ins aaid ruhbers in formulating adiies i ve.s, 
pre 1: s u :t ' e s e n s i t i v e -i d h e .-^i i. v e s a n d c o a tings. \ I o r o v o r, the o 1 i g (j m e r s o f t h i s 
invt'ntion are' U5;eful as vibration damping agent:; effective in the range from 
room t'^mp'M:a ture to about 170 'C and incorporated in rijsins and rubbt?rs for use 
in the industrial sectors that may cause problems relating To vibration and 
noise su-^h as construction materials, electrical appliances, au tcjmob i 1 es. 
bridge?s. motors, power generators and engines. 

E*iAj;J*LHJ j >'-i nd Techn o logy 

Resins obtained bv the react i<.>n of phenols with formaldehyde compound in the 
presen-^e -.^f an a:: id catalyst are well known as phemolic resins or novf)lak resins. 
Likewise, resin.s ohtainr'd by the reaction r^f aromatic hydrocarbons such a-; 
xylene with i'orm.i 1 dehyde compound in the presence of .in acid catalys;t are well 
knfjwn as hydrocarbon resins. 1 ndene-cumarone resins and petrr)leum resins are 
also known as hydrocarbon resin.*^;; in this case, however, indene, cumarone and 
c y.:; loptMitadiene themselve;-; possess olefinic bc'nd.s and forma 1 dc-hyde compound is 
not u^;ed in the reaction. 

The use of resin obtained by the reaction of an aromatic oil with 
f L>rmal '-iehyde compoun-i in the presence of an acid catalyst as an ingreditint in 
formulating coatings is described in Japanese patent publication JF53-24973 
B(.1978.). Resin compositions formulated by incorporating naphthalene, 
me thy Inaph tha lene and acenaphthene in phenolic resins are described in JP59- 
52887 15(1984), JP07-242719 A(1995) and JP(.)8- 1 5757 1 A(1996). 

Tackifiers ar(^ often added t.o a variety of adhesives such as hrU^-mc^t 
adhesive^;, emulsion adhesivf?s and pressure sensitive adhesivf^s in order to 
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improve the acihesivt? strength and raise tht.^ initial adhesive ^;treMlgth. Vol 
example, iP10-19o047 A(1998) tt:-aches the additirjn of a variety of tarkifier 
resins t.^ acrvlic emulsion adhesive-. JP10-lnP626 Aa998) and JP06-l-i:^G^:6 
A';i99-i; aLsf.) teach the addition r)f a variety of taokifier resins U) hot-meit 
adhesives derived from SBR-based block C')polymers or modifications thereof by 
hydrf;)>;enal i on or epoxidation. Furthermore, W()95-I262:^' teaches the addition of a 
variety of ta::kifier r'.?sins to acr>Ii( pressure^ sensitive adhesives. Tht^ 
afor-emen t i oned pattnits descriht^ a relatively Iar.^o number of ta.:kifi>'rs in 
common; for example, n^dene-cuniarone r^^irr:., petroleum res>in:;. ros i n-rle r l ved 
rosin:;, xylene rt?s:.ns, phenolic: resins, terp^'ne r^esins and >;tyrf:ru^ resins. 'Itiest^ 
tackifier resins are suitably chc-sen in cr>ns i dera t i on of :;uch factors as 
c ompa t i b i ] 1 1. y with t he ba s e r e s i ri o r rubb ^ ' r , use cond i t i on s s uc: h a s t empe r a t li re 
and presencM? or ab:>encc f>{ solvents. As for their performance, there are demands 
for improved adhesive strength and imptoved initial adht^sive ^;trength and, 
additional y, suppressed generation «:)f an offensive od-.^r at use temperature atid 
I o w p r i c e i n t hi e c a s e o f h o t - m e 1. 1 a d hi e s i v e s . 

A number of methods have been proposed for controlling vibration damp i tig 
properties by the use of petroleum resins- f'>r example, the use of commerc i;i I ly 
available petroleum resins and cumarone- inciene resins reported in JP6;:;-11980 
A(1988) and JP62-141069 A(1987) and th.;- use of commercially available 
polybutenes, t(?rpene resins or modified rosin reported in JP{)2-49()63 A(.1990j. 
The use of a I ky 1 l)enzene"me thy 1 napht ha 1 en^* re.sins as an example of polycycli-: 
aromatic resins is descril.)ed in JP07--9013t) A (1995). 

A V i b r a t i o n d a mp i n g /i e n t t. o b ►■^ i n o r p o r a t e d in a b a s e mat t r i a 1 s a c h . i 
rubber, rr-:;in and bitumen to improve vibrati<>n damping properties must desirably 
satisfy tlie following prr-perties; the:- loss fiictor (tan (5 ) of a vibration damp hi:- 
material in which the agent in qut?stion i .s incorpctra ted is large in the use 
region and the temperature dependency of tan 6 is small. It is known, however, 
that these properties arc^ often contrary to each other. 

An object of this invention is to provide a novel aromatic oligomer which 
emits little or no odor. Another object of this invention is to provide a 
vibration damping agent which can be readily obtained. A further object of this 
invention is t(; provide a polycycli c vibration damping agent manifesting a high 
degree of vibration damping per f orm.mce. A still further object of this 
invention is to provide a vibration damping agent which manifests excel h?nt 



vihrat. ion damping performance in a wide Lempt?rature range. 

[) i sf lo! ;urp of the [nvenr if)n 

'Ihif. invention relates to an aromatic oligomer which is represented by the 
f o 1 1 ow I ng formu la (l . 

(A-F-)n-A (I) 

wht?i:"eiti A is a unit comprising (a'l 30-90 wt"'o of an aromatic comp'tund coi^ ta i n i n-^^ 
2-} rings and lb) 10-70 wt'o of a phenol compc>urid, F is methylene c^r a mixture^ of 
methylene^ aiid --(,'[f OCif - and n is a numbt^r of 1-100. 

Ihis invention al^.o relates to said aromatic oligomer wherein the r)xvgen 
content is or less. Moreover, this invention relates to ."in aromatic oligomer 

resin which comprises said aromatic oligomer as the principal component. 

i: t i 1 1 mf'i e, this invention relates lo said aromatic oligomer or said 
aromatic oligomer resin which is obtained by the reaction of 1 kind or 2 kinds 
or more of aromatic compounds seie-Ued frf)m naphthalene, me thy inaph tha 1 rnie, 
d ime thy InaplMdia leno, acenaph thene, fluorene. anthracene, phenanthrene, pyrene, 
benzoth Lophf-ne and fliioranthene with I kind or 2 kinds or more of phenols 
selected frc^m phenol and alkylphenols and I kind or 2 kinds or more of 
fc»rmaldi3hyde compound selected from formalin, formaldehyde and paraformaldehyde 
and exfiibits a softening point of 50-I80"C. 

Als(.», this invention relates to a tackifier or a vibration damping agent 
rmp r i s i n g ? a i d a r oma t i c o I i gome r f • r a roma tic o 1 i gome r r e s i n a s an ac t i ve 
i ngred i en t . 

Explanation will be given below to the method for preparing the aromatic: 
'.) 1 i g')mt.vt or tile aromatic oligomer resin wliicli comprises said ar'..>matic oligomer 
• is the prin-^ipal component and, at the same time, explanation will be given to 
the inventi-:)n of the aromatic oligomer. It is to be not(?d that the arom.iti<: 
■:)Iigomer to be obtained in accordance with the method of this invention is 
generally a mixture unless pure raw materials are used and may contain a resin 
which cannot be represented by general formula (l.) ; however. the aromatic 
oligomer in question contains 50% or more, preferably 80?o or more, of the resin 
represented by general formula (l) as the principal component. In this 
spec i f ica t if .n, % in rcvspect to purity or con«:ent ra t i on signifies wt % unlt;ss 
otherwise spei:ified. Tht^ components in the aromatic oligomer actually mean tht^ 
unit or radical derived from monr)mers such as an aromatic compound and a phenol 
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existin.i^ in the oIii^f>nier; for the simplicity of explanation, however, the unit 
or radical present in the '>iigomer may often be simply desf^ribed by the name f)f 
thr* monomer. The ar'>maric nli.gomer res:.n means a re^;:.n which c-^mprises the 
a.forement if>ned aromatic (.)ligomer as the principal component, that is, in an 
amount of n()% or more, preferably 70% or more, more preferably 'S0% or more. It 
is to be und(M'stood here\ for the siniplic:ity of explanation, that "the aromatic 
oligomt^r" r^:^ff.>rs not only to the aromatic f>l;.ij;omer but also tf> the aromatic 
o 1 i im 0 r r e ^ i r ■ wh i c h c fjmp r i s e s. t h e a roma t ic C' I i gome r ; i s the p' r i n c i pa 1 c ompon en t 
unles.s Lt miikes a cf.-n t rad i c t ory statement, 

A compour-d useful for the aron:atic compound is preferably the one that boils 
liigher than naphthaleiv? or a mixtur*? of such compounds. Concretely, it is an 
aromatic compound consisting (d; an aromatic ring linked to one or more rings, 
th(? ar(;matic ring here being selected frf^m o- or (3-membert?d rings consisting 
entirely of c;"irbon atoms, 5- or O-membered rings consisting of one oxygen atom 
and carbon atrms and 5- or 6--member(fd rings consi.^.ting of one sulfur atom and 
carbon atoms, and it is preforalily an aromatic compoun-i comprising condensed 2-4 
aromatic rings. The a forement i -ittted aromatic 'X)mpound may he substituted with l-h 
alkyl groups, each alkyl group .:(..nt a i ning 8 carbon atoms or less. 

Preferably, the aromatic compc>und is a p-:* lyi:y cl i c aromatic hydrocarbon; more 
pref r?rably, it is naphtha lene, me thy [naphthalene, dimethy Inaphthalene, 
acenaphthene, f luorene. anthracene, phenant.hrene, pyrene or fluor ant bene ; and 
mo:;t preferably, it. is naphthalene, me thy Inaph t ha lene or d ime thy I naphtha 1 one. In 
additio{i, ben::othioj)hene may be cited as a preferable ari>matic compound. It does 
not matter whether these aromat ic hydrocarb';)ns are materials of high purity oi^ 
occur as th*- principal components in an aromatic oil such as aromati-: 
nydr' )carf)oti o\l. Available as such aromatit. [r/dr O'.:arh)oti oil are the fractirjns 
correspond itig to naphthalene <) i i , me thy Inaphtha.l ene oil and middle oil and th*.? 
intermediate products and the resi(Jual oil obt-une-i by recovering the principal 
components f r-jm said fractions by sUi:h means as d i s. t i 1 1 a 1 1 on. 

The aromatic hydrocarbon oil sh-Duld naturally comprise aromatic hydrocarbons 
as the principal components, but it. may additionally contain hetero aromatic 
compounds having N, S, 0 and the like in the ring and aromatic compounds having 
functional grf)ups containing such hetero atoms. Furthermore, it may contain 
inert aliphatic hydrocarbons. Prefer.ibly, the aromatic hydrocarbon oil contains 
80% o r mo r f ? o f b i c y c 1 i c o r t r i c y c 1 i c a r oma 1 1 c: h y d r oc a r b o n s w 1 1. h n a p h t h a 1 e n n r 
a 1 ky 1 naphtha 1 ene accounting for 70% or more of said bicyclic: or tricyclic 



aromatic hydrt^carbons. Ihe unrt'finod aromatic hydrorarbon f)il may contain 
phenols and, in such a case, the pht}noi : cotUained are calculated as part of the 
whf>le ph^Mi(:)ls. 

Formaldehyde compound useful for this invention is adequate if it generates 
[ormaldehyde in thi- react i(.n system and f orma 1 dehy lie its.elf, formalin ai-d 
para{"ormaldehyde can be used, paraformaldehyde being preferr-.^d. 

f^henol compound useful for this invention include phenol, a 1 ky lphen(3 1 s ^;uch 
as cresol, xylfn.,>l and t er t-bu t y ] pheno 1 . polyhydric phetvjls such as resorcin and 
pyrf)i::a] lol and hydroxy la ted polyc:yclii- aromatic compr-unds such as naphthol, 
F'referable from the standpoint of reactivity and properties n[ oligomer- are 
mr.nohydric phenols such as phenol and lower alkyiphenols containing 6 carbon 
atoms, .-r le ;s in the a i ky 1 group. F^hennls .ire calculated not as the aromatic 
ctompound of this invcMition but as phent.-l 

The osatalyst useful for this invention is. an acid catalyst and its example:-. 
are inorganic acids such as sulfuric aci(i, phosphoric acid atid hydrochloric acid, 
organic acids such as oxalic acid and t oluenesul fon ic acid and solid acids such 
a:; silica-alumina. ;:eolite, ion exchange resin and acid clay. Preferable among 
tiiem are organic acids, such as oxalic acid atid toluenesu If on i c acid. A thermally 
decomposable catalyst such as oxalic acid produces an extra effect that the step 
for its remr»val can be c;-mitted. 

The proportion of ('a) an aromatic compound, (b.) a phen-'l compound and (c) 
formaldehyde i:ompound in use is -is follows, although it varies more or less with 
the content of other aromatic compounds; the ratio (c)/[(a,) + lb)] by mole is 
0.1-0.9, preferably 0. ^:-0. 7, more preferably 0,4-0.7, wherein the number of 
m')les of a derivative c^f formaldehyde, in case it is used, is calculated as that 
of f':»rmaldehyde generated fr(.)m the derivative and the ratio (b)/(.a) by weight is 
10/90 - 30/70-90. preferably 30/70 - 5i)./50. 

Formaldehyiie compound is needed t<.> increase the molecular weight of the 
aromatic oligomer and to raise the conversion of naphthalene and other aromatic 
compounds. The use of loo much formaldehyde furthers the possibility of gelation 
taking place or the terminal methylol groups remaining behind in large 
quantities. A phenol compound not only effectively increases the molecular 
weight of the aromatic oligomer but also performs the functions of prf)viding 
suitable polarity and improving the adhesion to metallic materials; howcv(>r, tor) 



much pile no Is causes lr^»ss <}[' characteristics as hydrr xni rbon resin. An arr^mar ir 
( cmp'.uind perfc^rms the functic^ns r^f con trc; 1 1 i n^' adt.?qua r.e ly the polarity of thf 
('iromatic oli.;onier and improving the (V)mpat i h i 1 i t y with m.her resins such as SBR 
f 'r w i t h s^.) 1 ven t s. 



The amount ust^i of the -ic i d citalyst is ^(M^erally 0.5-20 wl% of the reactant s. 
although it \'ari(?s >vith th-.? kind of acid catalyst, and it is preferably .o-iO \vi% 
in th^> f;ase of oxalic acid. 

T h e r a c t i o n c o t iri i 1 1 o r \ v a r y w l t h t h ( ^ r~ a w materia 1 .s a r i ri the ( : ri t. a I y s t to b e- 
used, but gent?rally reaction temperature is nO-I.SO"C and tru^ r^^action t i mr 

is 0,5-5 hours. f orma i ■iehyde compoutid, an aromatic cr)mpound and a phencd 
participate m the reaction and, in case the phenol is present in a small am<)unt 
or absent, the product is an .)ligorTier such as hydrocarbon resin or phenol- 
mrxiified hydrof^arbon resin. In case the phent;l is added in a lar^^' amount, the- 
product is an oligome-r such as hydrocarbon-mod i f i t?d novolak resin. A solvent may 
be used as needed. 

Upon comp I e t ion o J' the reac 1 1 on, the reac t i on m i >: t u re is distill ed to s t r i p 
off low-boiling substances such as water and formaldehyde first, then the 
remaining mixture is heated under reduced pressure to 200 -250-300 'C to distil! 
the unreacted raw materials and other fractions thereby leaving the aromatic 
oligomer as residue. When the reaction is over, the catalyst may be remove-d by 
.f;uch means as water washing if necessary and, in this case, the reaction 
t.erm i na t e; . at t h i s po l n 1, . W i t h^.u t rt ?mo va 1 o f the cat a I y s t he re, t h i) reac t i on 
advances f^iartly while the reaction mixture is being distilled. In case an <:)il 
c o n t .-i i. n i n n a p h t h a 1 e ri e ( ) r m t- 1 1 1 >• n a p h t h a I e n e i i^-; u s d i n e x c e s .s a s a n ;:i r o m a i c 
compound, the naphth<ilene fr;iction recovered as the unreacted raw material is 
crys ta 1 1 i ::ed or washed to obtain refined naphthalene. Likewise. the 
me thy Inaph thalene fraction yields refined me thy I naph tha 1 ene. 

The aromatic oligomer to be obtained m this manner is the oligomer 
represented by the aforementioned formula (1) or the aromatic oligomer re.-; in 
which comprises said aromatic oligomer as the principal component. In f(:>rmula 
(I), A is a segment mainly comprising (a) an alky 1-subst i tut ed or alkyl- 
unsubs t i tu ted hi cyclic or tetracyclic aromatic compound and (b) a phenol at a 
ratio (b.)./(a) by weight of 10/90 ~ 'M)/70 and F is methylene or a mixture of 
methylene and -rhLCXTI^- . Desirably, F consists of 100 mol% of methylene r-r 90 
mol% or more, preferaiUy 95 mol% or mor(\ of methyltnie. DeptMiding upon ihc use. 
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K rruiy contain 20-M) mol^o of -(ll-OCli,- . 

The symbol n is a number in t.he ratv^^a^ of I -100, preferably 2~20 on an avt?ra'.^e. 
The numb e r a v e ra e mo 1 ec u 1 a r wo i l p re f e ra b 1 y fa 1 1 s in t h e ra n go of 00- 1 , 000 
while r.h(^ WLMgh* avtu^ai^e moltMiular wt}i:^hr. falls in the ran^-t^ f.)f 500-2,000. The 
ratio of the latter to thc^ former is in the range of 1.5-3. The aromatic: 
oligomer or tht aromatic oligr>mer resin pr(?ferably exhibits a sc^ftening point in 
the range of 50-180 preferably in the ratige of 70-160 "C . Odr)r may emanate 

wheti iUk! softening point is too low atid the^ conipa t i b i 1 i t v and adhesive? pr'(:ip*?rt> 
deteriorate when the solte>ning point is too high. 1 he ciromatic oligomer r-^sin 
whicTi comprise.'"; the arofnatic oligomer- as the prMticipal cf^mpontnU. i r.btaiiusi 
when a monof:yc:lic or tri (.cyclic or higher- compO'.md is used as an arom.itii; 
comp'ound in a small amount together with a bicyclic or tricyclic: aromati- 
■■•ompound or when the reaction conditions are changed that compounds other 

than ths* ni\o rtpre:;en ted by formula (1) f(;rm in a small amount. 

Hxamination of th-.? aromatic olig(^^mer indii::ated that hi gh-tempeira tur^- 
treatment with f>xaiic acid used a;^ a catalyst cau:;os nea.rly complete- escape o\' 
'.exygon originating in formaldehyde compound out of th-e system ami that ihr. 
reaction carried out unde-r mild conditions in the presentee of sulfurii: acid as a 
cat.ilyst allows oxygen originating in formaldehyde or a derivative thereof to 
remain in the system. This is probably due the difference in the mode of linkage! 
of aromatic rings, via the methylene linkage in the former vs. via the ether 
linkage such a5; -CH^OCH_,~ in the latter. It is desirable for the aromati-; 
' > 1 i g ( ) m '3 1 of t h 1 5; i n v e n z i on t o c o n t i n 3 v,' t '''o o r 1 f ss s , p r f ' e r a b 1 y 1 w 1 . '^o or 1 e s ;-; , 
I'f ':>xygen originating in the ether linkagf? and 20 wt% or less, preferably 15 wt'o 
o r 1 e s .s , o f t o t . i 1. o x y g e n in c 1 u ri i n g o x y g e n o r i g i n a t i n g in ph e n o J s s u c h ; t ; 
a Iky Iphenol s. 

The aromatic olig-^mor of this invention or the aromatic oligomer resin which 
« omp rise s sa i d aroma t i c o 1 i gomer a s the- pr i nc i pa 1 c omponen t per f'o rms we 1 1 no i 
onlv .is a tackifier but also as a vibration damping agent. However, in order t^ 
extract bettor performance as a vibration damping agent, it is pre-ferable to 
design aromatic oligomers in the following manner. 

Although an aromatic oligomer of this type can be obtained from an aromatic 
compound, a phenol and formaldehyde or a derivative thereof as reactants, a 
preferrc^d raw material aromatic compound is the r^ne mainly comprised of 1 or 2 
kinds of bif:yclic^ aromatir: compr)Linds selected frrjm napfithalene anrl 
ben;:oth 1 f)phene and such a raw matt^rial may be comprised of only one oi 



naf'hthalene and berrzo th i ophene, <A only the i.wo or ol' iha t'A'fj mixtvj with a small 
amount of other arfimatic compounds. 

The a ff;)remen t L f--ned (nher aromatic compounds include me thy Inaph tha I ene. 
d i nie thy Inaph tha I er.e, acenaph thene, flu'>rene, anthracene and phenanthretu\ 
prelerably bicyclic aromatic compounds such as methy Inaphtha lene and 
d i nic thy 1 naphtha ] ene. An advan t ai.Teou:"-; propr-rtion nf an aromatic c:,)mpound and a 
phenoi in order t-) obtain the resin represented by formula (1) is 30-90%, 
prt;'t erab 1 >■ 60-80%, of the sum o polycycl:c aromatic cr.)mpf^unds naphthalene and 
bt'n'/.o t [I i o[)hene, 2()--10% of phenol rind pr)ssib, ly a small ;i mount of other aromatic 
c fjnif'ounds sU';:h as me t h y I naph t ha 1 (Mie. The prr^portirni ni' tKiptit ha 1 ene atid 
benzoth i o[)hene m the polycyclic aromatic i:ompounds is 10-100'''o, preferably 30- 
97%, of the former and 0-100%, preferably I0"70%, of the latter. 

A r ( >ma t i c h y d r o < : a r bon o i 1 c c>n t a i n i n g 90% o r more o f n a ph t ha 1 e ne i;) r a r om; 1 1 i c 
oil containing lO'o or more ol" benzot h iophent^ may be either a material of h i ^h 
purity or aromati-: hydrocarbon <:)i 1 containing the two as principal components. 
AvaiLal.ile as su-di arc^matic liy drocarbon oil are tractions of coal tar 
cr>rre:-.pon<i i ni( to naphthalene- oil, me thy Inaphtha 1 ene oil and middli^ oil, the 
intermediate product.s obtained by recovet ing the principal components from these 
fi-ai:t:ions by such mr?ans as distillation an-J the residual oil. 

Arcmatic hydrocai'bon oil containing 90% or more of naphthalene may be refined 
naphthalene, but a preferred example is. 95% grade naphthalene which contains 
otdifcir components such as ben::o th i -ophene and me t hy 1 naphtha 1 ene. 

Aromrit. ic rd 1 cc»n ti-i i ni ng 10^.. or more of benzoth i ophcMie is preferably a 
mat e rial c o n t a i n i n g 3 0% or mo r e o f b e n z C' t h i o p h e n ( ? , 3 0 % o r m o r o f a r o m a t i c 
hydr-fM siirfions and 25% (3r more of naphthalene. A preferred example is oil formed 
as» byproduct in refining crude naphthalene; benzot h i ophene is cf)nc centra ted t-) 
10-5 O'^j whi i 1 e n a p h t: h a 1 ene is d e c r e a s e d t o 7 0- -1 0% i n t he oil. 

The kind and proportion of a phenol and formaldehyde or a derivative thereof 
are as described earlier. The* same holds for the catalyst and reaction 
conditions The^ polycyclic aromatic compounds perform the funct.ions of improving 
vibration damping property, adequately controlling the polarity o[ aromatic 
oligomer and enhancing the compatibility with SBR and other resins and rubbers 
or w i th sol vents. 

'Ihf- aromatic oligomer obtained in this manner is tha aromatic oligomer 
r e p r e • ; en t o d b y t h e a f o r eme n t i o n e d f or mu la ( 1 ) or t h e a roma tic o] i gr:>me r r e s i n 
which t^ompris(^s said aromatic oligomer as the principal componcMit. The number 



8 



a\erage molecular weii^ht of the aromatic oLii^f)mer or the arom<itic (jli isomer resiti 
i ■; pret'tn-ab 1 y in the range of 300-1,000, the 'vveight average m(,>lecular weight is 
ill the range of 500-2,000 and the ratio of the latter to the fr^rmer i r. in the 
ri:ngi> fjf l.o-:]. The- arc>matic oligr)mer f.)r the ar'omatif: r,] igr,mer resin d'»SLrablv 
e.\h i h i t s a so i' t en i n g po i n t in t lu- range o f 50" 1. 80 'C . pre f erab i y 70- 1 60 'CJ . 1. n 
'Mse the so f:. en in.: point is tor.) low or too high, thf? t temperature rangr" 
'wli 1 b i t i tig eord vibratif}n damping property deviates frr>m the range in common us»' 
an d t h e ( : ( > n: p . i T i b i i i t y d e t e r i o r a t e ^ . 

.^1^ " i f l)e: ; cr i p ■ i of the i Jraw i ngs 

F'igs. 1 an-i 2 are graphs illustrating the relationship between tan 6 iind 
tf-mperature obtained when the aromatic oligomer ol' this invention is ui-ed as ii 
vibrar. if:)n dam['ing agent. 

'<? f erret 1 f:mbf .diments of the In vet it i on 

The aromatic oligomer of thi:; invention (including the aromatic oligomej- 
rt'Sin which cc-mprises said aromatic oligomer as the principal .:omponent.) can be 
used as a taid. ifier singly c:-r together with known tackifiers and other additives. 
For example, the aromatic ciligomer is incorporated as a tackifier in hot-melt 
aiihe;>ive!; based on ruhibers such as SBR, hot.~melt adhesives based on vinyl 
.ii;rM:ate polymers anti other vinyl polymers, acrylic pressure sensitiv(^ adhe:;ive.s, 
•"■mul:;ion adh^'S. i ves,, curing adhe;;ives based on epoxy resins and coatings fc-r t.he 
purpose of provi-Jing or improving adhesive property. Advantageously, it is. 
i ncorpi)rated in adhesives based on rubber such as S\]R. In this ca:;e, svnthetie 
rubber such a chloroprene arid SBR, natural rubber and mcjd i f ; cat i ons <:<f these 
rubbr-rs by such mf?ans as hy drogena t i on can be used as base rubber and, in 
addition, stabilizers, lubricants, fillers and softeners may be incorporated in 
the adhes.ives. The proportion of the aromatic oligomer as a tackifier is 50-40«> 
parts by weight, preferably 100-300 parts by weight, per 100 parts by weight ot 
the base rubbc-r or resin. 

The aromatic oligc^mer of this invention can also be used as a vibration 
damping agent. In this ca5;e, the aforementioned aromatic oligomer may be used as 
It is or after refining or f rac t i ona t i(m by molecular weight. The ciromati<, 
oligomer of this invention a.^ a vibration damping agent is i nc:orf)ora t (mI in a 
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vihralion damping' mat.t?rial such a^; rt^sin, tuliht^r arui bi lumen, hi this case, it 
is allowahlt* u> add, t.OiZether with the vihr-atior. dampiM^' a_,'^'nt -'I' tdi i s i tn ^ti 1 i ■ 
'jrdier known vibrali(:>n dampini.!: a^e^t.s, fillers .siit^h as r^atdyMi hlar/k, ^Mleium 
^sarhi !nat,e, t.itar.ium 'sxid^', rl.ay. lale, mi^si and alumijia, prrpe^.s:; .mI. 
a n t. i o V i da ti t. s a ri d o t li e r a d<i it i v e s . 

;\fivant.a^^tH>us 1 y. the ar-nmatir oligomer of t [i i s invtMition as a viliration 
damping agent is i ner .rpora t,ed in rubber :\ur\\ a.s SBR, butyl r-ii[d:er, natural 
rubbtM-, diene r-u[)[^er, ch I oroprent: <ind a modification therer^f by [ly dr^ogena t i r>n or 
in f^astie r-es.in su(di as 1-VA ( e t Iv/ 1 ent^-v i ny 1 a::etatt^ Cf)pr;lymer) in an amount of 
10-70-^;, prsM"-raL;U' :U)-bO,;. The use of tht^ ar^miati^' oligomer- of this invention a^^ 
a vibrsit, ion damp in agent i ti pIur^-^l cs)rTib i na t i otu; can provid^^ good vibration 
damping propt^rty in a .vider temperature raiige. When u.'^-.ed in combination 
an(.)ther v i [)ra t i ■^>n fiamt>ing agent, X.hv aromatic oligc-mer of thi^; invent iori can 
remedy the riefect of the f>ther vif)rati()n drimf^ius a^n^nt. 

This invention is de^.cribed below with refertMice to tlie (?\ampl(.ss m wh i (di % 
arid part art? on a weight basis. 

Kxample 1 

In a flask were pl.^iced 134 parts of coal-based 95% naphthalene (sulfur 
content, 5,000 ppm) , 68 parts of p-tert-buty Iphenol and 34 parts of 98% 
paraformaldehyde, the ■::ontents W(:?re kept at 110 'C and 22 parts of oxalic acid 
was added. The mixture was allowed to reac:t at 130 "C with stirring for 2.5 
hours to prf)duce an oligomi^r. The 1 r)w--bo i 1 i ng substances such as water formed in 
the reaction were refluxed. Upon f:ompletion of the reaction, a condenser was 
attached to the flask and tfie mixture was d i s 1 1 II ik! at nr»rmal pressure initially. 
The low-boiling suiu^tatic^s such as water atui form;! 1 dehyde dist,illefl by tht^ time 
the tempera ttir^^ rea(Tu^d 2i)()'C. Thereafter, the distillation was c^'irried out at a 
reduc(>d prc^ssure ^)f 100 mmllg while raising the t(-mperature frr^m 200 C to 270 'C 
to collect a naphthalene fractirni. The naphthalene fraction amruinted to 100 
parts and showed a purity of 99.9% or more. From the flask was obtained 120 
parts of oligomer A exhibiting a softening point of 113.6~C, a number av(?rage 
molecular weight of 548 and a weight average molecular weight of 1,459. 

Example 2 

In a flask were placed 176 parts of a mixture^ of coal-bas(vi 
methylnaphthalenes (sulfur content, 5,200 ppm), 80 parts of p-tert-buty I ph(MV) 1 
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and 11 pafts of 98 o pa ra H ;rma 1 fl.^hydu, itu' fVMUtMiIs '.vcrr kt^f)t. at 110 C and 
parts of oxalir' acid was add^^d. The mixt.urt> -A'as all^wi'd T. > Tf^ar-i. at. 1 ;'0 C .v i r h 
stirriiii^ for 2. o hours if) product? an c; li i^onun'. The lovv~b{HlinLZ subsLanees :;ueh 
as water- t^.-rmed in the reaction At'te refluxed. l.'pon > 'onip ] t i on ^d' tdu* rr'aeti.>n. 
a cr)ti(ienser was attached to the flask and the mixtur-e was di^;Iilled at normal 
pres^alrt' initially. The 1 ow-[km 1 i ni: sutis t anf:es sufdi as water and foi-ma 1 deliyd.* 
distil lerl by the tinu? the temperature r't^ached ?A)i) 'C . ThertMiftt-r, tdu^ 
di St i ] lat i'.'n was r^ir'r-ied rait at a redu(---d pr-^:ssurt^ n\' [[){) mmll^ whiK; ra.isin^^ i h,e 
temperaturt^ frr>m C to 'J70 C \n -ollect a mo t liy 1 naplu ha 1 ei^e fraction which 

aniountt^d to VM parts. From th^^ llask was obtained I'M-) par^ts of r^li^^omer 15 
X h i b i t i n a s c) f t ( Mii n g p o i n i (; I 1 (.) 7 (J . 

Example \] 

In a flask were placf^d 310 part^; of a coal-ba.sed mixtuje ( r^n ta i n i n>i[ 
a;nhrat:etu? (sulfur eContent, f), ()0(J ppm), 10f> parts of p- tor t-bu t y I phen(~j 1 and r>2 
pirls of 98".) paraforma Ideliyde. tlie cont.ent.s W(?re kept at HOC and 28 parts of 
oxalic acid was added. The mixture was allowed to react at 130 (S with stirrint^ 
for 2. B hours to produce an oligomer. The low-boil ini^ substances such as water 
formed in the reaction were refiuxod. I/pon completion of the react ir)n, a 
condenst^r was attached to the flask and the mixture^ w^as distilled at normal 
pres.sure initially. The low-boiling sub-stances such as water and formaldehyde 
distilled by the time the^ temperature reached 200 ""C . Thereafter, the 
distillation was carried out at a reduced pressur*^ of 100 mmH^ wliilf? raisins? the 
temperature from 200 'C to 280 'C to collect an anthraccMK^ fraction which 
amounted to 191 t^ift^. From the flask was obtain(}d 23h parts of oligomer V 
exhibiting a sf)ftening point of 105.0 'C. 



As in Fxamp)les 1-!^, o I i ,^^f jmej-.s D-1! wer(^ prt^parerl by changing t ht- kitvl ctf 
aromatic (compound and phenol. The r-e.sults ar(^ shr)wn in Tabh^ 1. In the table, 
the symbols mean the following: \, naphthalene; MX, me t hy 1 naph tha I en^? : .AX, 
anthracrene; mixed oil, a fraction of aromatic oil containing the prcMd xed 
aromatic compound as the principal component; Ph, phenol; PTBP, para-tert- 
butylphenol; \ln , number average molecular weight; \Iw, weight average molecular 
weight. The oxygen content (wt%) is r)btained from eb^mental analysis and it is 
5.4 for oligomer A in Example 1, 6.2 for f>ligomer B in Eixample 2 and 1.8 for 
oligom(»r r in F^xample 3. 



1 I 



Tahlp 1 



01 ig(;nn^r 


Aroma t i r 


Phenol 


Cala 1 ys t 


\I n 


M w 


Sf.) t en i n^^ 
P' > i n t 

c 


Oxy iifMi 
■ •■ 'n T en T 
w t -0 


I.) 


N 




su 1 far i c 
ac i <i 


107 


99:^, 


7o. 7 


i:^ 0 




X 


V h 


^;u 1 fur i c 
ac i fl 


ir>i 


9 1 f) 


91^. 6 


.0. 9 




(t - \IN 


P h 


su 1 fur i r: 
ac i rl 




7-1 :! 


78. ;^ 


•1. 8 


G 


MX mixt?(i 
oil 




Oxal ic 
a c i d 


ho4 


1198 


120 


5. 2 


\{ 


A.\ nt i xt M ] 
.>i 1 


PTBI^ 


Oxal 
ar: i d 


■199 


I \'2'A 


1 


3. 8 



Kxamp 1 e> 1 

A resin conifios i t i (jn f ormu l.a t.ed from each of oligf)mors .\-C f.>btain(Ki in 
Hx.imples 1-3 by adding 20% or 50% of the oli'^cmier x.o SHR was inserted hetvveen 
two plates of SU:d304 (conforming to J IS G4305) measuring loO X 25 XI. 5 mm in 
such a manner as to provide an adhesive area of 10X25 mm, heated preliminarily 
at 175X' for 2 minutes and pressed at 50 kgf/cm" for 1 minute to prepare a test 
sample. Hach samph^ was tested ff)r ten^uh^ shear adhesive strength with th(! u^;e 
of Shimadzu Aut.ograph AGS-500A. No offensive odor originating in the oligomer 
was perc:eived during the preparation of eac*h test sample. 

(■ompara 1. 1 ve [example 1 

For comparison, SBR alon(> was t(?sted for t(Misilc' shear adhf,\sive strength in 
th(? sam(^ manner as m Hxamph^ 1. 

(.'ompa rat i v e I: x a mp I e 2 

A resin cf)mposition formulated by adding 50% of (M)mmerf:ial xylene resin (\\V- 
120 available^ from Mitsubishi Gas Chemical Co., Inc.) was tested for tensile 
shear adhesive str(?ngth in the same manner as in Rxample 1. 

The results are summarized in Table 2. 
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lixample o 

In a flask wtua^ plac^ed I parls ot coal-based crude naphlhaltMic ('naph T.ha 1 imu' 
(•oatriii, 96%), ()S [Tart:; of p - 1 >^ r- 1 -bu I y 1 pluair, [ atvi :^7 parts; oi' ^rA'v. 
paraff)rmaldohydo, the} soiU.cnts werr^ kept at, 1 1 0 "C and 2'A parts^ of oxalif^ acid 
was added. Th(^ mixlurt? was a 1 1 (.)wed to react at 130 C with st irring for 2. o 
h(^tirs to produce an oligomer. Tiv^ low-boiling substaiu:es such as water formed in 
t h e r esa c t ion w f ^ r e r e f 1 1 1 x o r 1 . 

Upon completion of the reaction, a condfais-M'' was attarhod to the flas>k arui 
the mixture was distilled at normal pressure initially. The low-hoilinv^ 
substances such as water and f f^rma 1 dehyde distilled by the time the temperature 
reat:hed 200 C. Thereafter. the distillation was carried out at a reduced 
pressure of hO mmllg while raising the temperature from 200 'C to 270 'C to 
Cf)llect a fraction containin;.; the unreacted raw materials. The fraction amounte'd 
to 66 parts. The resin remaining in the flask was an aromatic oligomer (oligomt^r 
J) amountin^^ to 120 parts and exhibiting a softening point of 110 "C. 

A THF solution was prepared from a i:i mixture by weight of oligomer j and 
HVA (Hvaflex 220 available from DuPont- Mitsui Polychemical Co., Ltd.). Small 
springs in mm in outer- diameter and 29 mm in hnigth) were impregnattul with the 
solution <\nd dried at room temperature for 24 hours to form a film in which the 
interstices be>tween the springs were filled with a mixture of the resin and 
rubber materials. Tht- film was used as the sample for evaluating vibratir)n 
damping characteristics by DSA ('Dynamic Spring Analysis). 

The kin(>matic viscosity of sample I prepared in this manner was determin(^d by 
a measuring instrument (HllHOBlBRON Dl)V"l[-bP, a product of Orientec (>>rp. ) in 
the temperature* range of -llO'C to 1 hO "C and the rf\sults are shown in g. 1 as 
a plot, of tan h against temperature. 

v.] 





Hxamplo 6 

In a flask plar:ed I'Ao parts of the oil ^cMnitaining 4(>'o of henzcUti i r>phf^ne 

an-i o7''o of naph t,ha 1 eru' ) rt.?rTia i n i ng after re'fining c:oa I -h,a^■;ed ri'Lide naph tha 1 t^ne by 
crystallization and separating refined naphthalene, 68 parts of p-tert- 
hutvlphenol and 'M parts of 92% paraformaldehyde, the contents .vere kept at 
110 (J and 2'A part: of oxalic acMd was added. The mixture was a 1 lower] to react at 
:::)0 "C \^ith stirring fur 2.5 hoars to produce an oligomer. The low-boiling 
substance-; such as water fr.)rms?d in ttie reaction wer-e refMuxed. 

I'prai cmipltM. ioti of th*^ r^eactifMi, a eondtMise.- r was attached in i he flask and 
tdie mixture was distilled at normal t'^r'essure initially. The h>w-bri i 1 i rig 
.sub.;tances such as watt-r and formaldehyde distilled by the time the temperature 
rea-.:ht?d 200 "C . Thereafter, the distillation was carried out at a reduc>'d 
pr(^-;suri^ cf 50 mmHg while raisin.^r the temperature- from 200 "C t-) 270 to 
f:oilt'Ct a fi-action containing the unreacted raw materials. The- fraction amounted 
t.o »:)6 parts. The resin remaining in the flask was an aromatic olig')mer (oligomer 
K) iimounting to 151 part.s and exhibiting- a softening point of 126 'C. 

A 1:1 mixture by weight of oligomer K and EVA (Evaflex 220 available from 
tsuL-DuFont Polychomical Co., Ltd.; was processed as in Example I to prepare 
sample 2 for evaluating the vibration damping characteristics and the kinematic 
\ isi:osity was determined in the temperature range of -110 X: to 150 . The 
results are 5:hown in Fig. 1 as a plot of tan 6 against temperature. 

The oxygen fiont.ent of aromatic oligomer J in Example 5 wa-; 5. T wt% and that 
of aromatic ol.igomr?r K in Example 6 was 4.8 wt?^.. 

Example 7 

A l"l mixture by weight (^f aromatic- (oligomer J obtained in Example 5 and SflR 
(Tu!pr-ene A avaihible from Asah i Ch(^mical Industry Co., Ltd.) was processtM'l as 
in Examph^ 1 tC' prepare sample 'A for eviluating thr* vibration damping 
charac t.er i St i cs and the kinematic viscosity was determined in the temperature 
range of -llO^C to 150 , The results arc shc>wn in Fig. 2 as a plot of tan 6 
against temperature. 

Compara t i ve Ex amp I e 3 

Sample I for evaluating the vibration damping characteristics wa:; prepared as 
in Example 1 except using a THF solution of EVA (Evaflex 220 available' from 
Mi tsui -DuFont iV> 1 ychem i ca 1 Co., Ltd.) and no ammatie oligomer and the kinematie 

1 1 



vi:;(osily \va^; do T t> rm i fled in the t. ^niper-a t. are ran^L^ <>i' -110 C to ioO Tht^ 
re^;uIts aro :;h'^'.vn in ^i^. 1 as a pl.-'l. <>y tan 5 ax^'ainst t t^m^iora l u re. 

>m[ui ra l i vt' [\xanip 1 -1 
^ampN* h f'or evalual. iii^ tht^ vil^ratinti dampirv^ charao L(>r i sr. i c: s was prepartM.! as 
in H'lample 1 twct'pi u^iiru^ a THF solution nf SHR fTufpr-7ne A a\ailafU^> fmni Asal;i 
r'ht.'niical IndLI^;Try Co., Ltd.) and no ari.>matic^ Lgf)m»*r- and r,[h> k i nt^mai. i i- 
vis:usit.y wa:; dtMennint^d in ihc t, tTiiper'a i. Lire range <>[' -110 C tf: loO C. The 
result.s are shf.)\vn ia K i '^ 2 as a plot. r>[' tan o against. T. emp>e ra t.ure. 

A:, is s.hovw] in I*'i^:, 1. sample 1 ol' Conipa ra i i \e> lixample 'A ::on t,a in i n^{ :L\ A alone 
exhihit.s a ^nMU:ly slr)pirr^ peak oi' tati 6 ecjiial In 0. \ 20 beiwr^en - h. 2 and 
Hx S "C\ On ihk' otht:'r hand, samph^ I con r.a i n i nt: aromatic oli>^r>mer J ()f Example .'^ 
exliihits a :diarp peak of Ian (S e(iual to 0. n'M) at 10.6 C and this is a pro.of 
tlial tl-ie sample is pr(jvided with vibration dampmg prr:.pe: r' t y . 

>anipli> 2 containing aromatic oligomer K of [{xamph? (:> exhibits peaks of tan 0 
ont^ *.?(iual tt) 0. 2dn at 62. 6"C and another (Mjua 1 to 0. -109 at lYS'C, and tho sample 
is e-xpected to manife-t vibration damping propt?rty in .a higher tempe^ra turt^ range 

'I bus, it is possible to control the temperature ratige of vibration dampiiv^ 
peri'<.>rmance by selecting an adequate aromatic oligomer of this invention. 

A::, shown in Fig. 2, sample 5 of Comparative Example d containing Sf^R alone 
exhibits a small tan 6 peak equal to 0,050 at -75. 1 'C and a Jarge tan 6 peak 
e(iua 1 to 0. 405 at 5''C. 

On the other hand, sample \^ oi' Example 7 containing aromatic oligom(?r j 
fixhibits .i tan b peak (Mjual to 0.575 at 100.5 C and the sample apparently 
shows improv(?d vibration damping property at this temperature. 

1 bus, i t i s pes:-: i b 1 e to^ co{i t ro 1 the tempera ture rai;ge o i v i bra t. i f )n damp i ng 
p(U- { (,)rmanco by ;;elect.]ng an ad(Miuat.e polycyclic arr)mat.ic oligomer. 

1 ndus t ria l A^p 1_ i_c ^ u 1 1 1 y 

The aromatic oligomer of this invention is odorless and hence valuable^ in 
respect of use cnvironmetU. It is als.) suitable for use as a tacikift^r for hot- 
melt adhesives. Moreover, it c^an giv(> gof)d vibration damping property. It can l)e 
p r e p a r e- d w i t h r e I a t i v e e a ; ^ e . Wh n u ^; t ? d s i n g 1 y o r in c c>mb i n a t i on w i t. h o t h e r s , it 
manifests gofvl vibratimi damping performance in a wide t.emperature range. 
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